Conventional dietary strategies to reduce pig manure odor may either be costly, or impede nutrient digestibility. Additionally, the response of manure odor to such measures may be variable, indicating a complex relationship between environmental pollutant and diet. We hypothesized that dietary Lactobacillus plantarum (LP), with or without the inclusion of a purifi ed oligofructose (inulin), may reduce odor without compromising nutrient digestibility. An experiment with a 2 × 2 factorial arrangement of treatments was conducted to investigate effects of dietary inulin (0 and 12.5 g/kg) and LP (0 and 0.5 g/kg) on nutrient digestibility, indicators of gastrointestinal tract fermentation, select fecal bacteria, manure content, and ammonia and odor emissions of 28 growing-fi nishing pigs (60.3 kg; n = 7/treatment). Dietary treatments had no effect on nutrient digestibility. Dietary treatments containing inulin had decreased Enterobacteriaceae (8.60 vs. 9.67 log gene copy number/g fresh feces; P = 0.03) when compared with unsupplemented diets. There was an interaction between dietary inulin concentration and LP supplementation on estimates of fecal Clostridia (P = 0.01). Pigs offered diets containing both inulin and LP in combination had increased Clostridia when compared with those offered the control diet. However, there was no effect of either LP or inulin fecal Clostridia when offered singularly. An interaction was also noted where diets supplemented with LP or inulin only reduced odor (P = 0.01) compared with the control diet. However, there was no effect of LP on manure odor emissions when offered in combination with inulin. In summary, this study demonstrated that dietary supplementation with either exogenous LP or inulin reduces manure odor but not when offered in combination.
INTRODUCTION
Fermentation of undigested protein residues in the gastrointestinal tract of pigs and in manure contributes to malodor from pig production (Mackie et al., 1998; Blachier et al., 2007) . Considerable reductions in the excretion of N and in the volatilization of ammonia from manure have been demonstrated through decreasing protein intake (Hayes et al., 2004; Leek et al., 2005 Leek et al., , 2007b . However, the response of malodor to such dietary manipulation has been variable (Otto et al., 2003; Clark et al., 2005; O'Shea et al., 2011) , indicating other contributing factors.
Reductions in malodor have also been attained by introducing fi brous carbohydrates into the diet. Such fermentable material stimulates enteric microbial saccharolysis, and odorous protein-derived metabolites correspondingly diminish (Piva et al., 1996; Garry et al., 2007; Lynch et al., 2007) . However, the commercial acceptance of including fermentable carbohydrates in diets offered to pigs has often been poor because of concerns about reduced feed consumption, diminished nutrient digestibility, and increased carcass fat accretion (Meade et al., 1966; Anderson and Chen, 1979; Leek et al., 2007a) .
Recently, O'Shea et al. (2011) described an inverse association between the abundance of enteric Lactobacillus spp. and the subsequent development of malodor from manure. This putative relationship indicates that fermentative activities, as governed by representatives of the gut microbiota, may modify distal gastrointestinal tract (dGIT) content and infl uence manure odor.
On the basis of this principle, we hypothesized that consumption of Lactobacillus plantarum (LP) or inulin or both may stimulate carbohydrate fermentation in the dGIT and thereby reduce formation of malodor without compromising nutrient digestibility. Inulin is a fermentable fructan, which has been demonstrated to prolong survival of LP in rats (Takemura et al., 2010) and was included as a substrate to sustain dietary LP. A growingfi nishing pig experiment was conducted to investigate the effect of dietary inulin and LP on nutrient digestibility, gastrointestinal tract fermentation, fecal bacteria, manure content, and ammonia and odor emissions.
MATERIALS AND METHODS
All procedures described in this experiment were conducted under experimental license from the Irish Department of Health in accordance with the Cruelty to Animals Act 1876 and the European Communities (amendments of the Cruelty to Animals Act 1876) regulations, 1994.
Experimental Design and Dietary Treatments
The study was designed as a 2 × 2 factorial arrangement of treatments with 2 levels of inulin (0 and 12.5 g/ kg) and 2 levels of LP (0 and 3.2 × 10 10 cfu/kg of diet). The dietary treatments were as follows: 1) a wheat-based control diet, 2) a wheat-based diet + inulin, 3) a wheatbased diet + LP, and 4) a wheat-based diet + inulin + LP. All experimental diets were formulated to be isocaloric and isonitrogenous, containing similar calculated concentrations of NE (9.8 MJ/kg) and standardized ileal digestible Lys (8.8 g/kg) and were offered in a meal form (Sauvant et al., 2004) . The feed was ground using a hammer mill (Christy and Norris hammer mill, Ipswich, UK) equipped with a 3-mm screen. All additional ileal digestible AA requirements were met relative to Lys (NRC, 1998 ). An oversupply of dietary CP was provided through formulation of increased soybean meal to observe the infl uence of dietary treatments in a potentially increased protein-fermenting gastrointestinal tract environment. The live bacterium used was Lactobacillus plantarum (EU additive number 1k2073 Lactobacillus plantarum NCIMB 30236; CHR Hansen, Horsholm, Denmark) and contained 4 × 10 10 gene copy numbers/g (3.2 × 10 10 cfu/g) fresh diet. The inulin was manufactured by a commercial company (Raftiline ST; Orafti S.A., Tienen, Belgium). The composition and analysis of experimental diets are presented in Table 1 .
Animals and Management
Twenty-eight fi nishing boars [progeny of Landrace boars × (Large White × Landrace sow)] were blocked on the basis of initial BW (48 ± 2 kg) and assigned to 1 of the 4 dietary treatments (n = 7). Pigs were individually offered ad libitum access to feed and water and remained on their respective experimental diets until slaughter. After completion of a 14-d dietary adaption period, 16 boars (n = 4) of a uniform BW (60 ± 2 kg) were selected and transferred to individual metabolism crates. Pigs were allocated to a further 5-d period to adapt to the metabolism crates before commencing sample collections. The sample collection period was subdivided into 3 parts to facilitate studies on manure ammonia emissions (d 1 to 2), manure odor emissions (d 3 to 5), and apparent total tract nutrient digestibility and N balance (d 6 to 10). Pigs were offered ad libitum access to feed and water. To determine apparent total tract nutrient digestibility and N balance, total collections were performed. The amount of feed and water consumed and refused was recorded. The metabo- 3 Calculated total AA contents (Sauvant et al., 2004) .
lism crates were located in a temperature-controlled room maintained at a constant temperature of 22°C ± 1.5°C and relative humidity of 65% ± 5%. Upon conclusion of the collections from the metabolism crates, pigs were reunited with their pen-mates and offered ad libitum access to feed and water for a 7-d period until slaughter.
Ammonia Emissions Study
Four separate collections of total feces and urine were performed at 12-h intervals during collection on d 1 and 2 and stored in sealed containers at 4°C. After final collection, the total urine and fecal collections were pooled within pig and macerated together. Maceration was performed in an attempt to actively simulate the conditions of a typical manure container, which would be more dynamic because of constant disturbance through addition of fresh excreta. The respective manure sample (2 kg) was placed in a ventilated container in a temperature-controlled room maintained at 20°C. Ammonia emissions from the manure were measured over 240 h in a laboratory scale setup as described by O'Shea et al. (2009) . Briefl y, ammonia emitted from manure was collected in 3 impingers through the use of a pump with a ventilation rate calibrated at 2.5 L/min. The fi rst 2 impingers contained 1 mol/L HNO 3 , and the third impinger contained distilled water. The fi rst impinger was sampled at 48, 96, 144, 192 , and 240 h, and the second impinger was sampled at 96 h. Samples were collected from all 3 impingers at 240 h. The concentration of NH 3 -N contained in each impinger was determined by the microdiffusion technique of Conway (1957) . Ammonia emissions (mg) from each manure sample were compared between different dietary treatments using the quantity volatilized from 0 to 240 h per kilogram of manure sample.
Air Sample Collection and Odor Concentration Measurement
Collections of total urine and feces production were performed at 12-h intervals during collection d 3 to 4 and stored together in a container below the metabolism crate until sampling on d 5. Air samples were used to measure odor concentration. Air sampling was performed as described by Lynch et al. (2008) . Samples were contained in 20-L Nalophan bags and analyzed for odor concentration (Ou E /m 3 ) using a dynamic olfactometer (Ecoma T07; ECOMA, Honigsee, Germany) as described previously by Hayes et al. (2004) . On d 4, fresh fecal samples from each pig were collected in sterile containers (Sarstedt, Wexford, Ireland). On d 5 (72 h after commencement of excreta collections), an aliquot of manure was retained (50 g) and frozen (−20°C) for VFA analysis.
Apparent Total Tract Nutrient Digestibility and N Balance Studies
Daily urine production was collected separately beneath the metabolism crate in a plastic container, and the volume was recorded. To avoid N volatilization, 20 mL (25%) of sulfuric acid was added to the container twice daily. A weak solution (2%) of sulfuric acid was applied to the connecting funnel twice daily. A 50-mL aliquot of urine and 100-g aliquot of feces were retained daily and frozen (−20°C) for subsequent determination of N.
Microbiology Study
Lactobacillus spp. were selected as bacterial indicators of saccharolytic fermentation (Garry et al., 2007; O'Shea et al., 2011) , whereas Enterobacteriaceae and Clostridia Cluster 1 were chosen for quantifi cation on the basis of putative associations of member species with gastrointestinal disequilibrium, protein fermentation, and production of odorous compounds (Zhu and Jacobson, 1999; Zhu, 2000; Heo et al., 2009 ).
Extraction of Microbial DNA from Gastrointestinal Tract Digesta and Fecal Samples
Fecal samples were collected while pigs were confi ned within metabolism crates (d 4), stored in sterile containers (Sarstedt, Wexford, Ireland), and placed in an insulated polystyrene container with dry ice. Samples were transported to the laboratory within 2 h. To chart the progress of LP along the gastrointestinal tract, samples of digesta contents (approximately 10 g) were recovered from the cecum of each animal in sterile conditions immediately after slaughter. Digesta samples were stored similarly to feces. Bacterial genomic DNA was extracted from fecal and digesta samples using a QIAamp DNA stool kit (Qiagen, West Sussex, UK) in accordance with the manufacturer's instructions. Quantity and quality of DNA were assessed (Nanodrop, ND1000; Thermo Scientifi c, Wilmington, DE).
Preparation of Standard Curves
A combined aliquot of feces from all pigs, and the freeze-dried LP supplement served as the source of bacterial genomic DNA for preparation of standard curves. Pooled bacterial genomic DNA was extracted from the samples as described before. Species and genus specifi c primers (Table 2) were selected to amplify a segment of the gene encoding 16s rRNA using bacterial DNA from the pooled feces and from LP as a template using PCR. Thermal cycling conditions were as described for quantitative real-time PCR below. Standard curves were subsequently generated by quantitative real-time PCR of serial dilutions of these amplicons using the same genus and species-specifi c primers to permit absolute quantifi cation based on gene copy number (Lee et al., 2006) .
Estimation of selected bacterial groups in cecal digesta and feces was performed using quantitative real-time PCR (ABI 7500 Real-Time PCR System; Applied Biosystems Ltd., Warrington, UK). For bacterial groups, real-time PCR were performed in a fi nal reaction volume of 20 μL containing 1 μL template DNA, 1 μL of forward and reverse primers (100 pM), 10 μL SYBR Green PCR Master Mix (Applied Biosystems Ltd.), and 8 μL nuclease-free water. The thermal cycling conditions involved an initial denaturation step at 95°C for 10 min followed by 40 cycles of 95°C for 15 s and 65°C for 1 min. Dissociation analyses of the PCR product were performed to confi rm the specifi city of the resulting PCR products. The mean threshold cycle values from the triplicate of each sample were used for calculations. Estimates of gene copy numbers for select bacteria were log transformed and are presented as gene copy numbers per gram of digesta or fresh feces.
To increase the specifi city of LP detection in the contents of the dGIT and in feces, Taqman-based quantitative real-time PCR was used. For this, the LP-specifi c probes were labeled with a 5′ reporter dye 6-carboxyfl uorescein and 3′ quencher NFQ-MGB (Applied Biosystems Ltd.) as described previously by Haarman and Knol (2006) . The reaction mixture included 10 μL Taqman Universal PCR MasterMix (Applied Biosystems Ltd.), 1 μL of a mixture containing primers and probe, 4 μL of sterile deionized water, and 5 μL of template DNA. The thermal cycling conditions were as used for the SYBR green assay mentioned before.
VFA Profi ling of Digesta and Manure Samples
Samples of digesta from the proximal colon of individual pigs (n = 7) were recovered for VFA analysis. Concentrations of VFA in the digesta were determined as described by Porter and Murray (2001) using a modifi ed method (O'Connell et al., 2006). Briefl y, 1 g of sample was diluted with distilled water (2.5 × weight of sample) and centrifuged at 1400 × g for 4 min at 4°C. One milliliter of the subsequent supernatant and 1 mL of internal standard (0.5 g 3-methyl-n-valeric acid in 1 L of 0.15 mol/L oxalic acid) were mixed with 3 mL of distilled water. After centrifugation to remove the precipitate, the sample was fi ltered through Whatman 0.45-μm polyethersulfone membrane fi lters (Sigma-Aldrich Ltd., Dorset, UK) into a chromatographic sample vial. A sample of 1 μL was injected into a gas chromatograph (Model 3800) with a 25 m × 0.53 mm i.d. megabore column [coating CP-Wax 58 (FFAP)-CB (number CP7614); Varian, Middelburg, the Netherlands]. Concentrations of VFA in manure from the odor study at 72 h were similarly determined with minor adaptations as described by Lynch et al. (2008) . Concentrations of the branched-chained fatty acids (isovaleric and isobutyric acid) and valeric acid were summed and designated as odorous VFA because of their increased contribution to malodor relative to the other VFA measured (Mackie et al., 1998; Le et al., 2005) .
Composition of the Diet and Fecal and Urine Samples
The proximate analysis of diets and feces for DM (method 934.01) and crude ash (method 942.05) were performed according to AOAC (1995) . The GE of diets and feces samples was determined using an adiabatic bomb calorimeter (Parr Instruments, Moline, IL). The NDF fractions of diets and feces were determined using an extraction unit (Fibertec; Tecator, Hoganas, Sweden) as described by van Soest et al. (1991) . The N concentrations of diets and urine were determined (LECO FP 528 instrument; Leco Instruments UK Ltd., Cheshire, UK). The N concentration of fresh feces was analyzed by the macro-Kjeldahl technique using a digestion and distillation apparatus (Buchi Labortechnik, Flawil, Switzerland). 
Statistical Analysis
Experimental data were analyzed as a 2 × 2 factorial arrangement of treatments using the GLM procedure (SAS Inst. Inc., Cary, NC). The statistical model included the main effects of LP inclusion, inulin supplementation, and the associated 2-way interactions. The individual pig served as the experimental unit, and initial BW was included in the statistical model as a covariate. All data in the tables are presented as least squares means (±SEM). Gene copy number estimates of selected bacteria were log transformed before statistical analysis.
RESULTS

Apparent Total Tract Digestibility and N Balance Study
There was no effect (P > 0.05) of dietary supplementation with LP or inulin on any variable of apparent total tract nutrient digestibility compared with the unsupplemented diets (Table 3) . Consumption of diets containing LP resulted in a decrease in fecal DM concentration compared with diets containing no LP (P = 0.02). Pigs offered diets containing LP had decreased N intake (P = 0.01) compared with consumption of unsupplemented diets. Total N excretion was unaffected by either inulin or LP supplementation when compared with the unsupplemented diets.
Cecal and Colonic Composition
In the cecum, LP were detected in digesta contents of 6 out of 7 pigs offered the diets containing LP only, whereas LP was detected in the contents from the cecum of only 2 out of 7 pigs offered diets containing both LP and inulin (Table 4) . Furthermore, LP was not detected in the cecum of pigs offered the control diet or the diet containing only inulin.
In the colon, there was no effect of inulin or LP supplementation on total VFA concentrations compared with unsupplemented diets. Diets containing LP decreased the concentration of propionic acid (P = 0.05), valeric acid (P = 0.01), and odorous VFA (valeric + isovaleric + isobutyric acid; P = 0.05) compared with diets containing no LP. Pigs offered diets containing inulin had decreased concentrations of isobutyric acid (P = 0.05) in the colon compared with those offered unsupplemented diets. 2 As a percentage of N intake retained.
Select Microbial Groups in Fecal Samples
Lactobacillus plantarum was not detected in fecal samples of pigs fed either the control diet or diets containing LP or inulin (Table 5) . There was no effect of dietary treatments on Lactobacillus spp. in fecal samples. In fecal samples, pigs offered diets containing inulin had decreased Enterobacteriaceae (8.60 vs. 9.67 log gene copy number/g fresh feces; P = 0.02) compared with pigs offered unsupplemented diets. There was an interaction between dietary inulin concentration and LP supplementation on estimates of fecal Clostridia (P = 0.01). Pigs offered diets containing both inulin and LP in combination had increased Clostridia compared with those offered the control diet. However, there was no effect of either LP or inulin on fecal Clostridia when offered singularly.
Manure Composition and Emissions
There was an interaction between dietary inulin and LP supplementation on manure odor at 72 h (P = 0.01). Diets supplemented with LP reduced manure odor compared with the control diet. However, there was no effect of LP on subsequent manure odor emissions when supplemented in combination with inulin. There was no effect of either LP or inulin supplementation on manure ammonia emissions from 0 to 240 h compared with unsupplemented diets.
DISCUSSION
The hypothesis of this study was that dietary LP offered both singularly and in combination with a purifi ed source of fermentable carbohydrate, inulin, would infl uence indices of bacterial fermentation in the dGIT of fi nishing pigs and hence positively affect malodorous gaseous emissions from manure. Previously, dietary strategies to infl uence manure composition with the intention of ameliorating various aspects of environmental pollution predominately concentrated on 2 approaches: optimizing dietary protein concentrations such that N excretion is minimized and providing a source of fermentable carbohydrates to infl uence the pattern of dGIT fermentation (Kirchgessner et al., 1994; Kerr and Easter, 1995; Leek et al., 2007a) . However, the application of such approaches may be accompanied by an increased cost associated with formulating low-protein diets (Hayes et al., 2004) , whereas the response of malodor to reduced dietary protein has been inconsistent (Otto et al., 2003; Clark et al., 2005; Le et al., 2008; O'Shea et al., 2011) . Furthermore, increased consumption of fermentable carbohydrates may impair nutrient digestibility and carcass characteristics (Longland and Low, 1989; Noblet and Le Goff, 2001; Anguita et al., 2006) . It is therefore desirable to infl uence the pattern of gaseous emissions from manure through inducing changes in the dGIT and excreta of fi nishing pigs without substantially altering diet composition or impairing nutrient digestibility. In this study, consumption of LP and inulin had no effect on indices of nutrient digestibility when offered to fi nishing pigs either singularly or in combination. This indicates that such dietary approaches offer a means to augment commercial feed formulations without inherently perturbing digestive processes. An initial objective of this study was to select a suitable lactic acid bacteria on the basis of its capacity to negotiate the challenging conditions of the gastrointestinal tract and also to colonize the dGIT and thus locally infl uence fermentation dynamics. Lactobacillus plantarum was selected on the basis of previous studies demonstrating its ability to infl uence the contents of the dGIT and populate fecal matter in pigs (De Angelis et al., 2006 . Furthermore, studies to investigate the effi cacy of dietary-derived bacteria in infl uencing the dGIT have demonstrated a synergistic effect potentiated by dietary provision of a fermentable carbohydrate compared with singular consumption of a probiotic (Bomba et al., 2002) . Thus, inulin was incorporated into the experimental design with the proposed purpose of facilitating the colonization of exogenous LP in the dGIT and in feces, a concept verifi ed by Böhmer et al. (2005) . To gauge the progress of diet-derived LP along the gastrointestinal tract, samples of cecal digesta were analyzed to verify the presence or absence of LP. Although differentiation between native and exogenous LP was not possible in this study, LP was detected in 86% and 29% of pigs receiving the diet containing only LP and the combination diet containing LP and inulin, respectively. It is possible that that the LP detected in the cecum of those pigs were of dietary origin, as they were not detected in the cecum of pigs consuming the control diet or the diet containing inulin.
Despite the detection of LP in the distal regions of the gastrointestinal tract, this species was not detected in fecal matter, nor were populations of fecal Lactobacillus spp. infl uenced by dietary administration of LP. This is curious because results of previous studies have confi rmed the presence of diet-derived LP in the feces of both piglets and sows, although this event is markedly reduced in the latter (De Angelis et al., 2007) . It is possible that the hostile environment of the gastrointestinal tract of an adult pig may have compromised the capacity of exogenous bacteria to propagate in substantial numbers in subsequent fecal matter.
Diets containing inulin resulted in decreased populations of Enterobacteriaceae in the feces. This event supports the documented effects of inulin in vivo as a source of fermentable carbohydrate in repressing gram-negative bacteria such as Enterobacteriaceae through altering fermentation dynamics (Kleessen et al., 1997; Böhmer et al., 3 Particularly odorous (valeric acid + isovaleric acid + isobutyric acid). 4 In European odor units.
2005; Halas et al., 2009) . However, despite the evidence of inulin affecting fecal bacteria populations, there was no evidence of viability of LP being supported further by coconsumption with inulin, and it may have even acted in a contrary manner, with fewer pigs being positive for LP in the cecum when dietary LP and inulin were offered in combination compared with LP alone. Although substantial quantitative shifts in the populations of selected fecal microbial genera were not observed after singular consumption of LP, it may be proposed that the alteration of microbial metabolic activity may bear greater relevance (Rowland et al., 1985) by directly infl uencing manure composition and malodor. Specifi cally, preceding studies have demonstrated that decreased protein fermentation coupled with heightened carbohydrate fermentation in the dGIT is associated with reduced gaseous emissions from manure (O'Shea et al., 2011) . In the colon, compositional shifts in the VFA profi le were induced by the provision of the LP-supplemented diets. Although there was no difference in total concentrations of VFA, consumption of LP-supplemented diets decreased propionic acid, valeric acid, and combined odorous VFA (valeric acid + isobutyric acid + isovaleric acid). The propensity for Lactobacillus spp. to produce greater concentrations of acetic rather than propionic acid when engaged in heterofermentative activity has been described by Zhu (2000) and Tannock (2004) , whereas results of other studies have documented the increased production of metabolites such as propionic acid and odorous VFA under more proteolytic conditions (Macfarlane et al., 1998) . The formation of valeric, isobutyric, and isovaleric acids originates exclusively from protein fermentation (Rasmussen et al., 1988; Marounek et al., 2002) , and these metabolites are particularly implicated in malodorous air because of their pungent fecal characteristics at very dilute concentrations (Zahn et al., 2001; Le et al., 2005) . Interestingly, because the experimental design employed in this study did not integrate varying amounts of fermentable protein, such shifts in fermentation patterns may indicate a role for the microbial community in infl uencing luminal composition independent of substrate availability. The decrease in fecal DM of pigs consuming LP points to further altered fermentation activity in the dGIT as this variable is a function of microbial activity (McNeil et al., 1978; Stephen and Cummings, 1980; Jensen and Jorgensen, 1994) . Thus, the consumption of a LP-augmented diet was accompanied by a shift in the luminal contents, whereby various indices of protein-fermentation were reduced in concentration.
A combination of olfactometry, and biochemical analysis of pungent metabolites is the most comprehensive and sensitive approach currently available to describe the malodorous components of pig manure (Hobbs et al., 1995) . In this study, an interaction was noted between LP and dietary inulin, whereby consumption of the LP-supplemented diet or the inulin-supplemented diet singularly resulted in decreased manure odorous emissions compared with the control diet. However, when LP was offered in combination with dietary inulin, no benefi cial infl uence on subsequent manure odor was observed. This effect was not anticipated because of the aforementioned effects of both LP and inulin to variously affect fermentation variables and microbial populations. Further bacterial analysis of fecal matter indicated that Clostridia spp., a genus selected for enumeration on the basis of previous associations with proteolysis and manure odor (Zhu and Jacobson, 1999; Zhu, 2000) , were present in greater numbers in the combination diet. It is possible that, in combination, provision of inulin and LP stimulated fermentation at a more proximal location of the dGIT relative to the singular consumption of the supplements and thus failed to exert a subsequent effect on fermentation and odor development of manure. The earlier location of such saccharolytic activity in the intestinal tract and subsequent regression may have permitted growth of Clostridia at a more terminal point in the dGIT. The aforementioned reduced evidence of LP in the cecum when offered in combination with inulin may substantiate this. This observation indicates a delicate balance in the relationship between dGIT fermentation and manure composition.
In summary, the results of this study verifi ed that inclusion of LP or inulin or both in diets offered to growing-fi nishing pigs may modify microbial fermentation in the dGIT and selected bacterial populations in feces without impairing nutrient digestibility. Consumption of LP decreased selected indicators of protein fermentation, whereas pigs consuming inulin had decreased populations of Enterobacteriaceae. Diets containing LP or inulin reduced manure odor emissions compared with the control diet, but this effect was negated when supplemented in combination. It was observed that the combination diet containing LP and inulin resulted in greater fecal populations of Clostridia spp., which indicates a causative microbial agent worthy of investigation in future studies on manure odor generation. Chem., Washington, DC.
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